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SPECIAL PROBLEMS IN INFANTS, CHILDREN AND YOUNG ADULTS,
INCLUDING POSTOPERATIVE SUDDEN DEATH
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Research performed during the past two decades sug-
gests that crib deaths are biphasic phenomena: the infant
victims are preconditioned in subtle ways before birth
so that some of their most critical physiologic functions
are subtly deficient. Then, at 2 to 4 months of age, when
confronted by some challenge, such as a head cold, they
are unable to overcome or adapt to the stress and die,
seemingly without cause.
It is likely that these deaths represent a heterogeneous
group of pathogenetic phenomena rather than a single
entity. Spontaneous idiopathic pathologic apnea, for ex-
ample, may be responsible for 5 to 7% of crib deaths.
Definitions
Of all the sudden deaths of infants between 1 week and
1 year of age, 15% are the result of recognizable pathologic
lesions involving a number of organs. The most prominent
of those organs is the heart. Specific cardiac lesions that
might cause sudden death include endocardial fibroelastosis,
congenital aortic stenosis and viral myocarditis. Less com-
mon causes are tuberous sclerosis, familial cardiomegaly
and, rarely, myocardial bridging. These data indicate, how-
ever, that 85% of all sudden and unexpected infant deaths
are not explicable by autopsy or other means. These are the
deaths commonly referred to as "crib death" or "the sudden
infant death syndrome." It is defined as the sudden and
unexpected death of an apparently healthy infant who may
have been mildly ill with nothing more serious than an upper
respiratory infection and whose death remains unexplained
after autopsy (l).
This syndrome constitutes a public health problem in
every nation in the world (2). In the United States, between
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Infant botulism may account for another 5%. A recent
report on a prospective study of more than 5,000 babies
showed that all 3 infants who ultimately succumbed to
crib death had had abnormally prolonged corrected QT
intervals on day 4 of life; the report contends that that
irregularity leads to ventricular fibrillation, which is then
the immediate cause of death. Although this work has
not been confirmed and some take issue with the method,
it now seems the most valid available body of data on
the subject and suggests that some crib deaths, probably
less than 10%, may be sudden cardiac deaths.
(J Am Coli CardioI198S,'S:1l3B-117B)
6,000 to 7,000 cases occur annually. Although all countries
experience a rate of approximately 2 such deaths for every
1,000 infants born alive, crib death has emerged as a major
component of postneonatal mortality only within the past
30 years. Before that, its importance was overshadowed by
other, more prevalent diseases of infancy. As the infectious
diseases of early life receded in the 1930s and coroners and
medical examiners began to take an interest in these mys-
terious deaths, our ignorance of the cause or causes grad-
ually surfaced. Before the 1950s, lay people and physicians
alike were willing to attribute crib death to accidental suf-
focation in bedclothes, accidental maternal "overlaying"
or enlargement of the thymus (so-called status thymicolym-
phaticus). These hypotheses were excluded one by one.
Academicians began to participate in the search for an ex-
planation in the late 1960s . Largely because of the combined
efforts of parent organizations and the National Institute of
Child Health and Human Development, research on this
subject has since flourished.
Characteristics of the Infant Victim
During the past two decades, epidemiologic research has
made it clear that some of our early notions about these
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infant victims were erroneous. We used to think that these
babies were hale and hearty until death struck. Now we
know that such is not the case. When compared with ideally
matched living control infants (that is, infants of similar
race, gestational age and socioeconomic status), they are
found to have been progressively losing ground in devel-
opmental status during the 2 to 5 months of their lives (3,4).
Furthermore, as a group, they are in the 40th rather than
the 50th percentile regarding body weight at birth, even
when that factor is adjusted for gestational age (4). They
also function differently (2). These recent observations have
led to the new conclusion that the victims have been sub-
jected to some adverse effects during intrauterine growth.
We now know that certain groups of infants are at special
risk. Included among them are infant "graduates" of in-
tensive care nurseries, babies born prematurely or small for
gestational age, infants of teenage mothers, infants of moth-
ers who smoke cigarettes and infants from the lowest so-
cioeconomic strata of society (5). Despite all this new in-
formationabout groups of babies at risk, it must be emphasized
that no one knows as yet how to identify the individual
infant who is most apt to die in this way. Recent experience
(6) has taught us that pneumocardiograms do not accomplish
that goal.
Characteristics of the Event
The descriptions by lay and professional people who have
actually observed a crib death are always the same: within
a moment or two the baby turns blue (or pale), "goes limp"
and stops breathing. In all likelihood, that is not what really
happens, but instead represents the order in which the on-
looker perceives the events. If the mother is changing a
diaper, for example, she first notices the blue color of the
baby's lips; then she picks up the baby and realizes that he
is limp and unconscious and finally, on exploring the matter,
discovers that he has stopped breathing. Nevertheless, it is
important to our ultimate understanding of these deaths to
be aware of their seemingly instantaneous character.
There are, in fact, very few mechanisms that could be
responsible for so precipitous a demise. Guntheroth (7) stated
in his opening remarks at the 1982 International Conference
on Causes of Sudden Death in Infants, that "either an ar-
rhythmia or an apneic episode initiates the lethal course,"
and neither leaves any specific postmortem marker.
Hypotheses as to Cause
The Apnea Hypothesis
Among the various theories as to the cause of crib death,
the one that has been most widely subscribed to is the apnea
hypothesis, popularized by Steinschneider (8) in 1972. Be-
cause of its appeal to physicians and the laity as well, apnea
monitors have been placed in the homes of anxious parents
around the world. The rapidly expanding use of this "pre-
ventive" measure over the last 4 years, however, has not
resulted in any decrease in either the numbers or the rates
of crib death in any locality.
Furthermore, data based on the thorough history taken
in a standard manner by skilled professionals in more than
800 certified instances of the sudden infant death syndrome
reveal that only 5% of the victims previously experienced
an apneic episode (9). Finally, about four of the so-called
tissue markers of hypoxia and hypoxemia (10), originally
proposed as morphologic confirmation of the apnea hy-
pothesis, were not verified in later studies, some of which
were based on better techniques than those employed in the
original work (II).
Thus, we are now experiencing a counterwave of skep-
ticismconcerning the validityof the apnea hypothesis (12,13).
The difficulty is that, although there is "no scientific evi-
dence that an apnea monitor has ever prevented a sudden,
unexpected, unexplained infant death" (12), the blind hope
that it will do so impels parents and many doctors to employ
the monitor in the infant thought to be at risk for the sudden
infant death syndrome (14). This widespread use of apnea
monitors makes it difficult to conduct valid research on the
role of apnea in causing the syndrome; yet a few important
studies have been and are being done (6,15).
Sudden Cardiac Death Hypotheses
The idiopathic long QT syndrome. Because we cur-
rently conceive of crib death as a heterogeneous group of
disorders, we must then ask the logical next question: "Are
some of these infant deaths due to cardiac conduction prob-
lems?" That possibility was first suggested by Frazer and
Frogatt (16). They proposed that genetically determined
disorders of cardiac conduction might account for a certain
proportion of crib deaths. They mentioned specifically the
idiopathic long QT syndrome as an example.
Over time, that group's enthusiasm for this cardiac hy-
pothesis has waned, but Schwartz (17,18) found an asso-
ciation between the sudden infant death syndrome and the
long QT syndrome. He attempted to show that the latter,
although not a currently popular cardiac mechanism, "can-
not now be excluded or minimized." He proposed that some
crib death victims die of ventricular fibrillation as the result
of sudden increases in sympathetic activity affecting the
heart with diminished electrical stability. Schwartz recently
pointed out (18) that, although the first diagnosed cases of
the long QT syndrome occurred in families with many af-
fected members, and the disease was then considered to be
hereditary (including the autosomal recessive Jervell and
Lange-Nielsen syndrome with accompanying congenital
deafness [19] and the autosomal dominant Romano-Ward
syndrome without deafness [20,21]), his present under-
standing of the situation, with data on more than 600 patients
from around the world, is that the majority of cases are of
the sporadic form with no hereditary transmission. Hence,
the victim is apt to die suddenly without ever having had
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an electrocardiogram, while his parents and siblings have
had normal recordings (18). Furthermore , Schwartz states
that, whereas the affected adult would faint and fall down
during an attack, babies 2 to 5 months of age lying in their
cribs would provide no such evidence of difficulty.
Congenital abnormalities of right-sided sympathetic
activity. Schwartz proposes the following specific patho-
genetic mechanism in babies. The fatal episode is usually
induced by some sudden emotional or physical stress, con-
ditions in which sympathetic activity increases suddenly.
He hypothesizes that there is an underlying functional ab-
normality consisting of congenital lower than normal right
cardiac sympathetic activity resulting in dominance of the
left-sided sympathetic nerves. That particular type of im-
balance is arrhythmogenic and may manifest itself in pro-
longation of the QT interval.
Schwartz considers that the QT hypothesis represents but
one part of a larger concept based on developmental asym-
metry in a " time-limited imbalance." Developmental ab-
normalities in cardiac innervation reduce the electrical sta-
bility of the heart and thus predisposeto ventricularfibrillation,
but only during the first few months of life.
For example, delayed development of vagal efferent ac-
tivity (with its protective effects) may enhance the arrhyth-
mogenic potential of sudden increases in sympathetic ac-
tivity. In this case the " marker" would be a higher than
normal heart rate or an abnormal heart rate variability (18).
As possible origins for cardiac sympathetic nerve imbal-
ance, Schwartz proposes the following:
I) a hereditary type of long QT syndrome (Schwartz be-
lieves this form probably accounts for only a few sudden
infant deaths [17]),
2) a birth defect in the brain, spinal cord, thoracic sym-
patheticgangliaor adrenergic terminalsin the myocardium,
3) naturally occurring low levels of right-sided sympathetic
activity (at the extreme lower end of a Gaussian curve) ,
and
4) developmental delay in right-sided sympathetic activity.
Of these four possibilities, Schwartz favors the last two
and particularly the final one. He suggests that prolongation
of the QT interval in a standard electrocardiogram, at some
time after birth, may represent a marker for this dangerous
type of sympathetic imbalance, as described , and would
allow for early identification of some babies at risk. If that
were so, effective protection for infants with an electrically
unstable heart could be provided easily with the adminis-
tration of a beta-adrenergic blocking agent.
Clinical Support for the QT Hypothesis
Family studies. In support of the prolonged QT theory,
Maron et al. (22) found a prolonged QT interval in the
electrocardiograms of a significant number of the parents
and siblings of victims and concluded that the defect in crib
death babies is inherited as an autosomal dominant trait.
These findings were later disputed. Kukolich et al. (23)
compared the QT interval duration in 108 first degree rel-
atives of victims and 99 infant control subjects and found
no significant difference. These authors reasoned that if the
Jervell and Lange-Nielsen syndrome or the Romano-Ward
syndrome played a major role in the pathogenesis of the
sudden infant death , the expected recurrence rate of crib
death would be 25 to 50%, whereas it is, in fact, closer to
2%, a level inconsistent with Mendelian forms of inheri-
tance. They attributed the interpretation of Maron et al. to
the omission of control subjects in their work and lack of
a classically "blinded" protocol.
A prospective study. In an unselected population of
more than 5,000 newborn babies, Schwartz performed elec-
trocardiograms on day 4 of each infant's life and at 2, 4
and 6 months. All of the infants were followed up pro-
spectively . In a progress report in 1983 (18), he indicated
that three of the babies had succumbed to crib death; the
corrected QT interval on day 4 for the two who died before
2 months of age was 563 and 460 rns, respectively (387 ±
18SD = normal for this study). The third baby died shortly
after his second month of life; his corrected QT interval was
440 ms (409 ± 15 = normal) . In two other infants who
died of recognized causes, the corrected QT interval was
well within the normal limits (413 and 386 ms, respec-
tively). No arrhythmias were seen in the standard electro-
cardiograms of these three victims, although they did occur
in a considerable number of the neonates and older infants;
among those babies , however , the arrhythmias tended to
disappear in time without treatment.
Guntheroth (24) has been an outspoken opponent of the
prolonged QT hypothesis, claiming that the requisite
electrocardiographic measurements, particularly in infants,
are not sufficiently precise to warrant this conclusion. He
maintains that a single recording with a long corrected QT
interval does not establish the fact that the subject had either
a primary genetic or a developmental form of the long QT
syndrome.
Evidence to Refute the QT Hypothesis
Data from four recent studies (25-28) suggest that there
is no factual basis for the long QT theory (Table I). In these
four studies, the subjects were infants considered to be at
special risk for sudden death; most were infants who had
almost died, so-called near-miss infants, while those in one
study were siblings of crib death victims . Schwartz points
out that, although each of these groups has a slightly higher
incidence of crib deaths than that of babies in the population
at large, that is, possibly 10 in 1,000 live births, 990 of
those 1,000 live births are not at special risk. Hence, the
failure to find any cardiac abnormality among a random 59
such infants has no significance (18).
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Table 1. Reported Data Refuting the Prolonged QT Theory
Author Year Subjects Controls Results
Steinschneider (25) 1978 30 newborn siblings 75 newborn No difference
with SIDS infants in QTc
Kelly et aI. (26) 1977 2I "near-miss" 46 matched No difference
infants control inQTc
subjects
Haddad et al. (27) 1979 7 "near-miss" 12 normal Smaller QTc in
infants infants "near-miss" infants
Montague et al. (28) 1980 I "near-miss" No controls No abnormality
infant. died in QTc in
at 8 weeks of age "near-miss" infant
SIDS = sudden infant death syndrome.
Cardiac Arrhythmias Other Than Those Related to
Prolonged QTc Intervals
In regard to cardiac arrhythmias other than those related
to prolonged QTc intervals, Southall et al. (6,13) recently
completed two prospective studies. The first (13) involved
1,157 preterm and low birth weight babies in whom 24
hour electrocardiographic recordings were obtained within
1 week of discharge from a neonatal intensive care unit. Of
these, 19 had episodes of bradycardia(heart rate 50 beats/min)
without apnea; among them, 5 had ventricular premature
beats. Eleven had supraventricular and ventricular prema-
ture beats and 2 had pre-excitation. Of all the infants studied,
five subsequently died of sudden infant death syndrome
(4.311,000 live births, or twice the usual incidence rate);
none of them, however, had demonstrated bradycardia, pre-
excitation or cardiac arrhythmia in their 24 hour electro-
cardiographic recordings.
In a larger study, Southall et al. (6) examined 6,914 term
and 2,337 premature infants in the first week of life and
again at about 6 weeks of age. Of these, 29 died suddenly
and inexplicably (3.111,000 live births); among them only
1 had been found to have premature ventricular beats. In
the view of Merritt and Valdes-Dapena (11), these two
studies at least provide no support for the notion that cardiac
arrhythmias contribute to the sudden infant death syndrome.
Morphologic Support for the Abnormal Cardiac
Conduction Hypothesis
In the late 1960s, James (29) conducted a detailed his-
tologic study of the myocardial conduction system in the
hearts of children who had died from crib death. He ex-
amined serial microscopic sections of the hearts of 40 vic-
tims and 16 control infants whose deaths were otherwise
explained. Concentrating on the atrioventricular (AV) node
and the AV bundle, he observed what he referred to as
"focal resorptive degeneration of conduction tissue cells,
cell death, removal of dead cells by macrophages and re-
placement with collagen produced by young fibroblasts."
He identified these changes in the hearts of infants in both
the study and control groups. On these grounds he concluded
that the "changes" he had identified constituted part of a
"molding" process which he proposed occurs normally in
the conduction system in infants during the first year of life.
Conceiving of the process as a kind of physiologic focal
cell death and resorption, he reasoned that this "active le-
sion" might, in certain cases, initiate sudden malfunction
of the conduction system and thus sudden unexpected death.
The observations and conclusions of James were later
confirmed by Anderson et al. (30). Still later, Ferris and
Aherne (31) suggested that the presence of "cartilage" in
the anulus fibrosus, which they had seen in two instances,
could also initiate fatal conduction disturbances. In similar
subsequent studies (32-34), however, other investigators
interpreted the focal, loosely woven, pale-staining areas,
which James had identified as not representing any active
process, not part of "remodeling" but rather as being char-
acteristic of vital but stable supporting structures in infant
tissues in many parts of the body, areas quite different from
those of the adult, but normal nonetheless.
In a later publication (35), another group of pathologists
suggested that, in some instances, pathologic narrowing of
the lumen of the major artery supplying either the AV node
or the sinus node might be a contributing factor in some
sudden infant deaths. This observation has not yet been
confirmed. Therefore, it seems that, at least from the stand-
point of the pathologist, there is not strong support for any
histologic or anatomic abnormality of the conduction system
itself that would correspond to or support an arrhythmia
hypothesis.
Conclusions
Although the ultimate mechanism or mechanisms re-
sponsible for the sudden infant death syndrome remain un-
known, it seems clear that the process is biphasic. Infants
who die in this way 1) have been predisposed to do so, from
before birth, probably because of one or more of a variety
of adverse intrauterine influences during critical periods of
development, and 2) later succumb to physiologic chal-
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lenges with which they cannot cope, such as upper respi-
ratory infections.
Schwartz (18) has presented the strongest support for the
view that the terminal event in some crib deaths may be
essentially cardiac in nature and may consist of ventricular
fibrillation as the result of abnormal prolongation of the QT
interval. His evidence for that theory is based on a pro-
spective study of more than 5,000 infants, 3 of whom ul-
timately died suddenly and inexplicably ; electrocardiograms
for each of them had shown the QT interval to have been
above the range of normal. However, Schwartz does not
believe that a majority of sudden and unexpected infant
deaths are likely to be the result of faulty cardiac conduction;
one would suppose that such sudden cardiac deaths consti-
tute no more than 10% of the total.
In summary, despite a certain body of evidence to the
contrary, the possibility remains that some crib deaths, prob-
ably less than 10%, may be sudden cardiac deaths . If that
assumption proves to be correct , it may permit identification
of those infants at particular risk and the initiation of ap-
propriate preventive measures.
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